Recently, some singly bottom baryons have been established experimentally, but none of doubly or triply bottom baryons has been observed. Under the Regge phenomenology, the mass of a ground state unobserved doubly or triply bottom baryon is expressed as a function of masses of the well established light baryons and singly bottom baryons. Then, the values of Regge slopes and Regge intercepts for baryons containing one, two, or three bottom quarks are calculated. After that, masses of the orbitally excited singly, doubly, and triply bottom baryons are estimated. Our predictions may be useful for the discovery of these baryons and the J P assignment of them.
I. INTRODUCTION
According to the Particle Data Group's latest "Review of Particle Physics" (RPP) [ Therefore, in the present work, we will focus on searching mass relations which can be used to express the mass of a doubly or triply bottom baryon as a function of masses of the well established baryons. This is the main motivation of this work.
It is noted that the Gell-Mann-Okubo formula [2] cannot be directly applied to the charmed and bottom hadrons due to higher-order breaking effects. The Regge trajectory ansatz is an effective phenomenological model to study mass relations [3] [4] [5] [6] [7] and mass spectra [8] [9] [10] [11] [12] [13] [14] [15] for mesons and baryons. In a previous work [4] , a way was proposed to express the mass of a doubly charmed baryons as a function of masses of the well established light baryons and singly charmed baryons. In the present work, under Regge phenomenology, we will express the mass of an unobserved ground state (the orbital quantum number L = 0) baryon containing one, two or three bottom quarks as a function of masses of the well established light baryons and singly bottom baryons. The mass values will be given and compared with those obtained in many other approaches [7, 8, 64] .
The slopes and intercepts of Regge trajectories are useful for many spectral and nonspectral purposes [3, 11, 65] , for example, in the fragmentation [66] and recombination [67] models. Therefore, Regge slopes and Regge intercepts are fundamental constants of hadronic dynamics, perhaps more important than the masses of particular states [68] . Thus, the determination of Regge slopes and intercepts of hadrons is of great importance since this affords opportunities for a better understanding of the dynamics of strong interactions in the processes of production of charmed and bottom hadrons at high energies and estimates of their production rates [65] . In our previous work in 2008 [3] , the numerical values of Regge slopes and Regge intercepts for the for singly charmed and singly bottom baryons. In the present work, we will extract Regge slopes and Regge intercepts for the singly, doubly, and triply bottom baryons and calculate masses of the orbitally excited baryons (L=1,2,3,4) lying on these Regge trajectories.
The remainder of this paper is organized as follows. In Sec. II, under Regge phenomenology, masses of the unobserved ground state singly, doubly, and triply bottom baryons Ω Ω * bb , Ω bb , Ξ * bb , Ξ bb , and Ω bbb will be given. In Sec. III, we will calculate Regge slopes and Regge intercepts for the 1 2 + and 3 2 + singly, doubly, and triply bottom baryon trajectories. After that, masses of the orbitally excited baryons lying on these trajectories will be estimated.
In Sec. IV, a short discussion and conclusion will be given.
II. MASSES OF THE UNOBSERVED
bb , AND Ω bbb BARYONS
In this section, we will first give a short introduction for Regge phenomenology and express the quadratic masses of the ground state unobserved Ω *
bb , and Ω bbb baryons as functions of the quadratic masses of the well established light baryons and singly bottom baryons. After that, the mass values will be given and compared.
A. Regge phenomenology
Regge theory is concerned with almost all aspects of strong interactions, including the particle spectra, the high energy behavior of scattering amplitudes, and the forces between particles [69] . It is known from Regge theory that all mesons and baryons are associated with Regge trajectories (Regge poles which move in the complex angular momentum plane as a function of energy) [70] . Hadrons lying on the same Regge trajectory which have the same internal quantum numbers are classified into the same family [69, 71] . Regge trajectories for hadrons can be parameterized as follows:
where α ′ and a(0) are respectively the slope and intercept of the Regge trajectory on which the particles lie. For a baryon multiplet, Regge intercepts and Regge slopes for different flavors can be related by the following relations (see Ref. [3] and references therein):
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where i, j, and k denote arbitrary light or heavy quarks. Based on Eqs. (2) and (3), one can introduce two parameters γ x and λ x ,
From Eqs. (14), (20) , and (21), we can obtain the mass expressions for Ξ * bb and Ω bbb .
From the latest RPP [1] , Table 1 .
C.
Masses of the ground unobserved
+ Ω bb and Ξ bb baryons
Based on Eqs. (13) and (14), one can have
For the 1 2 + multiplet, one can have a mass relation similar to Eq. (24),
The linear forms in Eqs. (24) and (25) can satisfy the instanton model [72] and the SU (8) symmetry [73] .
For the sb,n can be expressed as
In Ref. [3] , it was pointed out that the values of δ ij are only a little different between different multiplets for the same i and j, although δ ij are very sensitive to different quark flavors i or j. As done in Refs. [3, 4] , assuming that δ 
With Eqs. (14), (25), (26), and (27), we can obtain the expressions for M Ω bb and M Ξ bb . Then,
and Ω * b , Ω * bb obtained in Sec. II, we can get the following values: M Ω bb = 10320 ± 37 MeV, M Ξ bb = 10199 ± 37 MeV.
Comparison of the masses of Ξ bb and Ω bb extracted in the present work and those given in other references is also shown in Table 1 . Table 1 . The masses of the ground state unobserved singly, doubly, and triply bottom baryons (in units of MeV). Our results are labeled with "Pre". The isospin splittings, 
Similarly, considering the isospin breaking effects, for 
From Eq. (28) Table 2 . Table 2 . From Eq.
(1), one has masses for orbitally excited states, Table 3 . Similarly, the mass expressions for all the orbitally excited singly and doubly ). This will lead to the real masses lower than our calculated results for such baryons. The above J P = Table 5 . Table 4 . The masses of the doubly bottom baryons lying on the [7, 74] 
We take these approximations in this work. Similar to the Table   6 .
With the values for a(0) and α ′ listed in Table 6 , from Eq. (31), the masses of the orbitally excited baryons (L=1,2,3,4 while J P = Tables 7 and 8 . 
IV. DISCUSSION AND SUMMARY
In the present work, we focused on studying masses of the unobserved singly, doubly, and triply bottom baryons. The results for the ground states do not depend on unobservable parameters (such as quark masses and Regge slopes) and distrustful resonances. Regge slopes and Regge intercepts of the singly, doubly, and triply bottom baryon trajectories Table 7 . The masses of the singly bottom baryons lying on the Our results are labeled with "Pre". The numbers in boldface are the experimental values taken as the input. has been taken into account in this work.
In Table 1 , comparison of the masses of ground state unobserved singly, doubly, and triply bottom baryons extracted in the present work and those given in other references is shown.
In Table 2 and Table 6 , Regge parameters (slopes and intercepts) were given for the + trajectories, respectively. In Tables 3, 4 , and 5, masses of singly, doubly, and triply bottom baryons lying on the 3 2 + trajectories are shown. In Table 7 and Table 8 , masses of singly and doubly bottom baryons lying on the Collaboration [75] . Λ b (5920) was confirmed by CDF Collaboration [76] . The mass difference of these two states is small (< 8 MeV). This indicates that the spin-orbital couple has small impact on the mass of the singly bottom baryon. In the present work, the mass of the J P = 3 2 − (L=1) singly bottom baryon is determined to be 5913 ± 21 MeV (shown in Table 1 ), which consists with the experimental data.
In Ref. [23] , Bjorken pointed out
.56±0.02 and gave the mass of Ω bbb to be 14760±180 MeV, which consists with our result, M Ω bbb = 14788 ± 80 MeV (shown in Table   1 ). In the present work, the central value of mass splittings (M Ω * Tables   3 and 7 , one can compare the masses given in Ref. [8] and those given in the present work.
The mass differences are small when L = 1, 2.
From Tables 1, 3 -5, and 7-8, we can see that the masses of some ground state and orbitally excited singly, doubly, and triply bottom baryons obtained here are in good consistency with the existing experimental data and those given in many other different approaches.
However, our predictions for some highly orbitally excited baryons deviate considerably from some predictions in the literature. We expect that our predictions on the masses and Regge parameters in this manuscript can all be tested at LHCb in the near future.
In this work, the squared mass relations were used rather than the linear mass relations taken in Refs. [72, 73] . When the mass relations include light baryons, bottom baryons, and doubly bottom baryons (such as Eqs. (14) and (29)), the quadratic mass relations and the linear mass relations lead to significant different values. Besides the addition for baryon spectra, searching for doubly and triply bottom baryons can numerically check the quadratic mass relations and the linear mass relations. The triply bottom baryons Ω bbb are of considerable theoretical interest [27, 79] , since they are free of light quark contamination and may serve as a clean probe to the interplay between perturbative and nonperturbative QCD. Therefore, more efforts should be given to study doubly and triply bottom baryons both theoretically and experimentally.
The mass expressions, Regge parameters, and the masse values in this work would be useful for the discovery of the unobserved singly, doubly, and triply bottom baryon states and the J P assignment of these baryon states when they are observed in the near future.
